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^ (54) Title: METHOD OF MAKING A CARBON FOAM MATERL\L AND RESULTANT PRODUCT 

(57) Abstract: A tnethod of making anisotropic carbon foam material includes deashing and hydrogenating bimminous coal, sep- 
arating asphaltenes from oils contained in the coke precursor, coking the material to create a carbon foam. In one embodiment of 
q2 the invention, the carbon foam is subsequently graphitized. The pores within the foam material are preferably generally of equal 
^ size. The pore size and carbon foam material density may be controlled by (a) altering the percentage volatiles contained within the 
^ asphaltenes to be coked, (b) mixing the asphaltenes with different coking precursors which are isotropic in nature, or (c) modifying 
^ the pressure under which coking is effected. In another embodiment of the invention, solvent separation is employed on raw bitomi- 
nous coal and an isotropic carbon foam is provided. A related carbon foam product is disclosed. The caibon foam materials of the 
present invention are characterized by having high comjHessive strength as compared with prior known carbon foam materials. A 
^ further embodiment is disclosed wherein a petroleum pitch is employed as the feedstock either alone or in combination with a coal 
^ feedstock. 
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METHOD OF MAKING A CARBON FOAM MATERIAL AND 
RESULTANT PRODUCT 

CROSS REFERENCE TO RELATE D APPLICATION 

This ^plication is a Continuation-in-Part of United States Patent 

5 Application Serial No. 09/095,909, filed June 11, 1998, which is a division of United 

States Patent Application Serial No. 08/887,556 entitled 'Method of Making a Carbon 

Foam Material and Resultant Product," filed July 3, 1997, now U.S. Patent 5,888,469, 

which was a continuation of United States Patent Application Serial No. 08/455,742, 

filed May 31, 1995, abandoned 

10 BACKGROUND OF THE INVENTION 

L Field of the Invention 

The present invention relates to a method of making an improved carbon 

foam material and particularly a graphitized carbon foam material having superior 

compressive strength and electrical conductivity. 

15 2. Description of the Prior Art 

It has been known for many decades that coal can be beneficiated for 

plication in a wide variety of environments, For example, it has been known that coal 

may be employed as a fuel in electric utility plants and, in respect of such usages, 

beneficialing of the coal will reduce die ash content and fiie amount of sulfiir and 

20 nitrogCT species contained in the gaseous exhaust products. 

It has also been known to convert coal into coke for use in various 

process metallurgy environments. 

It has also been known to create caibon foam materials from feedstocks 

other than coal, which can be glassy or vitreous in nature, and are brittle and not v^y 

25 strong. These products which lack compressive strength tend to be very brittle and are 

not graphitizable. See, generally, Wang, **Reticulated Vitreous Carbon - A New 

Versatile Electrode Material," Electrochimica Acta, Vol. 26, No. 12, pp. 1721-1726 

(1981) and 'TReticulated Vitreous Carbon An Exciting New Material," Undated 

literature of ERG Energy Research and Generation, Inc. of Oakland, California. 

30 It has bera known through the analysis of mechanical properties of 

caibon fibers that long-range crystallite orientation is achieved by alignment of &e 

precursor molecules during fiber spinning. In 'Idealized Ligament Formation in 
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Geometry in Open-Cell Foams" by Hager et al., 21st Biemiial Conferrace on Caibon, 
Conf. Proceedings, American Caibon Society, Buffalo, New York, pp. 102-103 (1993), 
a model analysis regarding intercomected ligament networks to create geometric 
evaluation of hypothetical Kgamentous graphitic foam is disclosed This model analysis, 
5 however, does not indicate that graphite foam was made or how to make the same. 

It has been suggested to convert synthetic naphthalenic mesophase pitch 
into a carbon foam product by employing a blowing/foaming agent to create bubbles in 
the material, followed by grapfaitization of the resultant carbonized foams above 
2300''C. See "Graphitic Carbon Foams: Processing and Characterizations" by Mehta et 

10 al., 21st Biennial Conference on Carbon, Conf. Proceedings, American Carbon Society, 

Buffalo, New York, pp. 104-105 (1993), It is noted that one of the conclusions stated in 
this article is that the mechanical properties of the graphitic cellular structure were quite 
low when compared to model predictions. I 
It has been known to suggest the use of graphitic ligaments in an oriented 

15 structure in modeling related to stmctural materials. See "'Graphitic Foams as Potential 

Stmctural Materials," Hall et al., 21st Biemiial Confidence on Carbon, Conf. 
Proceedings, American Caibon Society, Bufl&lo, New York, pp. 100-101 (1993). 
Graphitic anisotropic foams^ when evaluated mathematically m terms of bending and 
buckling properties, were said to have superior properties when compared with other 

20 materials in terms of weight with particular emphasis on plate stmctures. No discussion 

of compressive properties is provided. 

In "Carbon Aerogels and Xerogels" by Pekala et al.. Mat. Res. Soc. 
Symp. Proc, Vol. 270, pp. 3-14 (1992), there are disclosed a number of methods of 
generating low- density carbon foams. Particular attention is directed toward producing 

25 carbon foams whidi have both low-density (less than 0.1 g/cc) and small cell size (less 

than 25 microns). This document focuses upon Sol-gel polymerization which produces 
organic-based aerogels that can be pyrolyzed into carbon aerogels. 

In "Caibon Fiber Applications," by Domiet et al., "Carbon Fibers," 
Marcel Decker, Inc., pp. 222-261 (1984), mechanical and ottier physical properties of 

30 carbon fibers were evaluated. The benefits and detriments of anisotropic caibon fibers 

are discussed. On the negative side are the brittleness, low-impact resistance and low- 
break extension, as well as a veiy small coefBcient of linear expansion. This publication 
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also discloses the use of carbon fibers in fabric fonn in order to provide the desired 
properties in more than one direction. The use of caibon fibers in various matrix 
materials is also discussed. A wide variety of end use environments, including 
aerospace, automotive, road and marine transport, sporting goods, aircraft brakes, as well 
5 as use in the chemical and nuclear industries and medical uses, such as in prostheses, are 

disclosed. 

It has been known to make carbon fibers by a spinning process at 
elevated temperatures using precursor materials which may be polyaciylonitrile or 
mesophase pitch. This mesophase pitch is said to be achieved through conversion of 

10 coal-tar or petroleum pitoh feedstock into the mesophase state through themial treatment. 

This themial treatment is followed by extrusion in a melt spinning process to form a 
fiber. The oriented fiber is thra fliemioset and carbonized. To make a usable product 
&om the resulting fibers, they must be woven into a network, impregnated, coked and 
gr^hitized. This involves a multi-step, costly process. See **Melt Spinning Pitch-Based 

15 Carbon Fibers" by Edie et aL, Carbon, Vol. 27, No. 5, pp. 647-655, P^gamen Press 

(1989). 

U.S. Patent 5,705,139 discloses a method of employing the solvent 
extraction process of U.S. Patent 4,272,349 as a basis for selecting a particular coal 
extract of bituminous coal to produce isotropic coke and gr^hite firom soUd extracts 
20 obtained by non-destructive solvent treatment of coal. These materials are all solid. The 

patent also acknowledges the existence of petroleum pitch which is said to have certain 
prior uses in respect of a binder pitch, as well as possible use as a raw material for 
graphite or other carbon articles, but is said to sufiTer the same disadvantages as 
petroleum coke. 

25 U.S. Patent 4,025,689 discloses the use of a carbonaceous substance 

which may be petroleum coke, pitch coke, grsq)hite, coal, charcoal or carbon black in 
making a gr^hitized hollow sphere wherein a foamed polystyrene coated with a 
carbonaceous powder and binder are heated to volatilize the core in making the 
porous article. . U.S. Patent 4,289,604 discloses a method for manufacturing isotropic 

30 coke firom a tar or tar pitch. 
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There remains, flierefore, a very substantial need for an improved method 
of making carbon foam product which has enhanced compressive strength and is 
graphitizable and the resultant products. 

SUMMARY OF THE INVENTION 
5 The present invention has met the above-described needs, hi one 

preferred method of the present invention, a coke precursor is provided by de-ashing and 
hydrogenating bituminous coal. The hydrogenated coal is then dissolved in a suitable 
solvent which facilitates de-ashing of the coal and separation of the asphaltenes &om the 
oil constituent The asphaltmes are subjected to coking, preferably at a temperature of 

10 about 325 ""C to 500°C for about 10 minutes to 8 hours to devolatilize the precursor 

asphaltenes. The coking process is preferably effected at a pressure of about 15 to 
15,000 psig. The anisotropic carbon foam so created is then cooled In a preferred 
practice of the invention, the anisotropic carbon foam so created is subsequently 
graphitized. As an alternate to employing hydrogenation, solvent de-ashing of the raw 

1 5 coal alone may be employed in order to create the asphaltenes which are then coked and 

graphitized in the same manner. With this approach, an isotropic product is produced 
from the solvent extraction of raw unhydrogenated coal. 

In a preferred practice of the invention, a blend of hydrog^ated and 
unhydrogenated solvent separated asphaltenes may be employed in order to adjust the 

20 degree of anisotropy present in the carbon foam. Also, it is preferred that the voids in 

the foam may be generally of equal size. The size of the individual bubbles or voids 
may be adjusted by altering the amount of volatile material contained in the asphaltenes 
or varying the pressure under which coking is effected. 

In a preferred practice of the invention, after coking, ttie foamed material 

25 is subjected to calcining at a temperature substantially higher than the coking 

temperature to r^ove residual volatile material. The preferred temperature is about 
975 °C to 1025°C and the time is that which is adequate to achieve a uniform body 
temperature for the material. 

In another embodiment of flie present invention, petroleum feedstock is 

30 employed to make a carbon foam with anisotropic domains of the present inventioa In 

a variation of this embodiment, the petroleum feedstock may be mixed with coal 
feedstock to make carbon foams with either isotropic domains or anisotropic domains or 
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bottt In either ev^t, the mettiods of achieving isotropic and anisotropic carbon foam 
and custom blended properties as disclosed herein are applicable. 

The method produces a graphitized carbon foam product having a 
compressive strength in excess of about 600 Ib/in^. 
5 It is an object of the present invention to provide a method of producing 

coal-derived carbon foam which may be graphitized. 

It is a further object of the present invention to provide such a method 
and the resulting product which inay be produced by hydrogenating bituminous coal 
followed by separation of asphaltehes, and coking the same. 
10 It is a further object of the present invention to provide a method and 

resultant product which permits control of the degree of anisotropy of the carbon foam. 

It is a further object of the present invention to provide such a method 
wherein solvent partitioning of Hhe unhydrogenated coal or hydrogenated coal is 
employed to select the proper fiaction for rhakmg the desired foam or removing 
IS inorganic species from the coal. 

It is a further object of the present invention to provide such a method 
which permits control over the size of the voids in the carbon foam and the density of the 
same. 

It is a further object of the invention to provide a method of producing 
20 such a product which is capable ofbeing graphitized and has much higher coiiipressive 

strength than previously known carbon foams. 

It is a further object of the present invention to provide such a method 
which produces a controllable, low-density carbon foam product having either isotropic 
or anisotropic gr^hite structure which may have open-cell or close-cell configurations. 
25 It is a further object of the present invention to provide a method of 

producmg such a product which is lightweight and possesses a controllable degree of 
electrical and thermal conductivity. 

It is a furdier object of the present invention to produce a carbon foam 
product fix)m petroleum feedstock employed alone or employed in a blend with coal 
30 feedstock. 

It is a further object of the present invention to employ petroleum 
feedstock in making a carbon foam without requiring the creation of mesophase pitch. 
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It is yet another object of the presmt invention to employ in the 
petroleum feedstock embodiment of the invention a petroleum feedstock which has a 
high softening point 

These and other objects of the invention will be more fully xmderstood 
5 from the following detailed description of the invention on reference to the illustrations 

appended hereto. 

BRIEF DESCRIPTTQN OF THE DRAWINGS 
Figure 1 is a schematic diagram of a jSrst embodiment of the method of 
producing anisotropic graphitized carbon foam of Hie present invention. 
10 Figure 2 is a second embodiment of a method of producing isotropic 

graphitized carbon foam of the present invention 

Figure 3 is a schematic diagram of a preferred method of controlling the 
degree of anisotropy. . 

DESCRIPTION OF THE PREFERRE D EMBODIMENTS 
15 As employed herein, the terms "petroleum feedstock" or "petroleum 

pitch" means a fraction having a softening point of greater than about lOO^C 
resulting from cracking of crude petroleum and can form a Bingham fluid by 
thermal processing. These terms shall expressly exclude mesophase pitch. 

As employed herein, the term, "pitch material" shall mean a pitch 
20 material which is a coal based pitch or a petroleum pitch or a pitch which is a 

combination of the two. 

As employed herein, the term "pitch precursor" means a carbon 
containing material which can be converted into a pitch material. 

In a preferred practice of the present invention, bituminous coal is 
25 provided in size of about -60 to -200 mesh and, preferably, about -^0 to -80 mesL In the 

embodiment, as shown in Figure 1, wherein aiusotropic carbon foam will be produced, 
the coal is first hydrogenated in step 2. This may be accomplished at a temperature of 
about 325 °C to 450°C at a hydrogen over-pressure of about 500 to 2,500 psig hydrogen 
cold for a reaction time of about 1 5 minutes to 1 .5 hours. Tetralin may be employed as a 
30 proton-donating agent After the reactor has cooled, the contents are removed and the 

tetralin separated by distillation. The resulting hydrogenated coal may be exhaustively 
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extracted with Tetrahydrofuran (THF) with tiie residue being filtered to remove 
inorganic matter. It has been found that under fliese hydrogenating conditions^ moiQ 
than one-half of the coal mass will be rendered soluble in THF. The hydrogenated coal 
is subjected to preliminary beneficiation as by de-ashing, which may be accomplished ia 
5 the manner disclosed in Stiller et al., U.S. Patent 4,272,356. The THF portion will 

contain all of the asphaltenes, or coal-derived pitch precursors, and oils. The THF, aft^ 
extraction is complete, may be evaporated for recycling and the recovered coal-derived 
pitch precursor sq)arated by employing a suitable solvent, such as toluene. The toluene- 
soluble fiaction will be referred to geierally as "oils" and the remainder referred to as 

10 the asphaltene fiaction or coal-derived pitch precursor fraction which is dried. This 

solvent sq)aration step is identified as step 10 in Figure 1 . 

The next step 12 in creating anisotropic carbon foam is to coke the 
asphaltenes. Cokmg is preferably achieved at a tenqierature of about 325*^0 to 500*^0 
for a period of about 10 minutes to 8 hours and, preferably, about 15 minutes to 5 hours 

15 in an inert gas atmosphere, such as nitrogen or argon gas in arange of about 15 to 15,000 

psig (hot) and preferably about 50 to 1000 psig (hot). The pressure is maintained at a 
generally constant level by means of ballast tank 16. 

In a preferred practice of the invention, heating of the oven begins at 
SSO^'C and the temperature is raised at a rate of 2°C per minute until the temperature 

20 reaches 450°C at which ten5)erature is held for about 5 to 8 hours. After heating, the 

oven is turned off and the contents are allowed to cool to room temperature slowly, 
generally over a 5 to 8 hour period. This foaming operation, when conducted in the 
coking oven in this manner, serves to partially devolatilize the asphalt^es with the 
evolution of the volatile matter sorving to provide bubbles or voids and thereby create 

25 the carbon foam product 

If desired, the carbon foam may be used in this form for many uses, such 
as structural materials, lightwei^t automotive composites, impact and en«:gy-absorbing 
structures and heat insulators, for example. 

In a preferred practice of the invention, afto: coking, the foamed matoial 

30 is subjected to calcining at a temperature substantially higjier than the coking 

tOTiperature to remove residual volatile material. The preferred temperature is about 
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975 °C to 1025*'C and the time is that which is adequate to achieve a umfonn body 
temperature for the material. 

In a preferred practice of the invention, the carbon foam is subjected to 
graphitizing (step 14) which is preferably accomplished at a temperature of at least 
5 2600 ^^C. The graphitizing step 14 should be continued for a time period long enough to 

achieve a uniform temperature of at least 2600°C throughout the entire foam material. 
The larger the specimen, the longer the time required. A small specimen may require 
about one hour, for example. In the most preferred practice, the process of gn^hitizing 
is accomplished at about 2600''C to 3200'*C. 

10 In the embodiment of Figure 1, hydrogenation involves laige coal 

molecules being broken apart thermally with the resultant fragments being capped by 
hydrogen. This results m formation of smaller aromatic molecules. The hydrogenated 
coal is subjected to solvent extraction by boiling with a solvent to solubilize most of the 
organic material in the coal. This permits the separation of the inorganic impurities 

15 which are not soluble and, therefore, are removed by simple filtratiorL A second solvent 

may be employed to separate the desired asphaltene fraction. Once the solvent is 
evaporated, the resulting extract is a solid which is free from all inorganic impurities. In 
lieu of boiling with the second solvent, the oil fraction may be separated by a thermal 
treatment or distillation. 

20 In order to provide ftuther disclosure regarding this first embodiment, an 

example will be considered. 

Example 1 

Raw Pittsburgh #8 Coal was hydrogenated by introduction into an 
autoclave reactor at 350°C for one hour under 1000 psig (cold) hydrogen using 3:1 

25 (wei^t) tetralin to coal ratio. After cooling, the hydrogenated coal was r^oved from 

the reactor and the tetralin was evirated. The hydrogenated coal was extracted in 
THF and the residue was filt^ed to remove tiie inorganic species. The THF was 
evaporated from the filtrate and the resultant extract was dissolved in toluene with tiie 
undissolved portion being filtered. The tolurae was evaporated to recover the extract 

30 The THF soluble/toluene insoluble (asphaltene portion) extract was placed in a reactor 

with the nitrogen pressure set at 700 psig in ordCT to effect the foaming operation. The 
starting temperature was 350°C and the temperature was elevated at 2°C /minute until 
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450**C was reached. It was held at the temperature for five hours and then calcined at 
1000°C, after which, it was cooled slowly. The foam was then rraioved from the 
reactor. The foam was then graphitized by introducmg it into a furnace at a temperature 
of 2600 °C and a pressure of 0 psig argon wherein it was held for one hour which was 
5 the time required to heat the particular specimen to a uniform temperature of 2600**C 

and, aflo: cooling, was withdrawn. This produced an anisotropic graphitized carbon 
foam. 

In an altemate embodiment of the invention, the method may be 
practiced essentially as is shown in Figure 1, ©ccept for elimination of the hydiogenation 
10 step 2. This approach is illustrated in Figure 2 wherein the coal is de-ashed (step 22) in a 

solvent, such as N-mefliyl pyrroUdone, for example. There is asphaltene separation (step 
30), followed by coking of the asphaltenes to create carbon foam (step 32), under flie 
influence of ballast tank 33, and subsequent graphitizing of the carbon foam (step 34). 
In effecting the solvent extraction, it is preferred that tiie solvent-to-bitumiaous coal ratio 
15 be about 3 : 1 to 1 0: 1 and heating to the solvent boiling point. 

Calcining may be effected after foaming and before graphitizing. This 
calcining may be effected at about 975 °C to 1025 °C. 

The altemate approach of Figure 2 produces an isotropic foam carbon 
which may be gr^hitized. The bubble or pore sizes of this embodiment will all be equal 
20 . and control of size may be effected by controlling the amount of volatiles in the 

asphaltenes, as well as the externally ^plied pressure through ballast tank 33. 

Referring to Figure 3, the degree of anisotropy may be altered by 
blending (stq) 44) tiie hydrogenated asphaltenes (step 40) from step 10 in Figure 1 with 
unhydrogenated asphaltenes in a solvent (step 42) from step 30 of Figure 2, the latter of 
25 which tends to be isotrqpic. This produces the desired anisotropic characteristics in the 

final product The desired degree ofanisotropy may be adjusted in tiiis manner in order 
to provide the preferred properties for the particular end use conten^lated. The solvent 
is evaporated in step 46 after which the asphaltenes are coked in step 48 to create carbon 
foam and then the carbon foams are graphitized in step 50. Ballast tank 49 is employed 
30 to maintain the pressure at the desired level. 

With respect to the bubble or void dimension in the foam, flie bubbles 
will generally be of equal dimension to each other. The bubble dimension may be varied 
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by altering the volatile content of the asphaltenes obtained tbrough the extraction 
process. 

Also, the bubble dimension and density of the carbon foam can be altered 
by altering the external pressm^ applied through a ballast tank 16 which is operatively 
associated with the coking oven (step 12) ^G. 1), as well as ballast tanks 33, 49 (FIGS. 
2 and 3). The higher the ballast pressure applied externally, the smaller the bubble 
dimension and the higher the density of the resultant product. 

The graphitized foams made by the present invention will have a bulk 
density of about 0.2 to 2 g/cc and, preferably, be about 0.2 to 0.4 g/cc. 

It has been found that the graphitized foam product produced in this 
manner has a very high compressive strength and generally will be greater than about 
600 Ib/in^. The compressive strength is related to bubble size with smaller bubble size 
increasing compressive sftrength. . ... 

If desired, pitch material may be introduced into the voids which 
communicate with the exterior of the carbon foam so as to enhance the strength. This 
pitch may be a standard pefroleum-based in:5)regnation pitch. This product may be 
coked in order to devolatilize and strengthen flie inserted pitch material. The pitch filling 
the voids may be baked and graphitized. 

Among the advantageous properties of the present carbon foam are that it 
is lightweight and can be either a thermal insulator, which is electrically conductive, or 
an efBcient conductor of heat and electricity. The foam can be molded into any desired 
shape by coking within appropriately shaped molds. This provides numerous potCTitial 
end uses. It may be used for its compressive strength, electrical properties and thermal 
properties. The material may be used, for example, in membranes for separation of ions 
in solution or particulates in gases at high tenq)erature, it can be used in thermal 
management devices, such as substrates for integrated circuits or aerospace applications. 
The material may also be employed in filters including high temperature filters. Also, 
depending upon the end use, the degree of thsmal conductivity can be alt^ed. In 
general, die isotropic domain foam is not a higih thermal conductor and the non- 
grq^hitized foam is a poor thermal conductor and may be employed as thermal 
insulators. The foam may also find use in building and stmctural members, such as a 
substitute for wood and steel beams. It can also be used as a firebreak in aircraft and 
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naval structures. Numerous, advantageous automotive uses, such as in pistons, vehicle 
frames, and ottier structural members, impact absorption uses, such as impact absorbers 
for doors, and connecting rods, exist Further, in view of the strength and lightweight 
nature of the product, aerospace and airplane uses, such as in wings, brakes, as well as 
5 satellite and space station structures involve advantage end uses. 

The carbon foam product resulting from the captioned invention may be 
anisotropic as in the first embodiment (FIG. 1) or isotropic ^G. 2), or with the degree 
of anisotropic nature being controlled by the nature of the asphaltene materials mixed 
(FIG. 3). One means of creating the desired level of anisotropic properties would be to 

1 0 admix a predetermined ratio of a solvent extract from hydrogenated coal with the extract 

.from unhydrogenated coal as in Figure 3, in a solvmt, such as N-methyl pynolidone 
(NMP). The resultant coal-derived pitch precursor or asphaltene produced after solvent 
evaporation is employed in the coking operatioa By adjusting flie ratio of 
unhydrogenated to hydrogenated coal-derived pitch precursor products, dififCTent levels 

15 of anisotropy may be achieved, hi general, the carbon foam mataials will have a 

con:q)ressive strength greater than 600 IbAn^. hi addition to impregnating the foam 
material with pitch to fill the voids, if desired, such pitch filled void materials may be 
baked and graphitized, if desired An altemate approach, for some uses, would be to 
cover the foam with a thin skin of carbon fibers or pitch to seal the outer surface. This 

20 would result in a lightweight, yet strong, structural member, hi uses such as a gas or 

Hquid filter for environmental ronediation, for example, it may be desirable to activate 
the sur&ce area of the material. 

While it will be appreciated by those skilled in the art that numerous uses 
may be made of a material having the blend .of desired properties of those of the present 

25 mvention, among additional uses would be as a catalyst support for high temperature 

catalysts, in biological materials, such as bone and prosthetic items, as well as in 
environmental waste remediation as by heavy metal removal, electrostatic precipitators 
and in nuclear waste containers wherdn undesired leaching or degradation of the carbon 
material would be resisted. 

30 . A further embodimrat of the present invaition involving the use of 

petroleum feedstocks, such as petroleum pitch, will be considered. The petroleum pitch 
may be substituted in its entirety in any of the processes disclosed herein in respect of the 
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mefliod of creating a carbon foam with anisotropic domains as disclosed, for example, in 
connection with Figure 1 hereof By combming petroleum pitch with coal feedstock, a 
carbon foam with isotropic domains as disclosed, for example, in coimection with Figure 
2 can be made. In addition, petroleum pitch can be blended with both hydrogenated and 
5 unhydrogenated asphaltenes in achieving a blend of properties as disclosed, for example, 

in coimection with Figure 3. A suitable petroleum pitch may be purchased commercially 
and employed in the process. One such pitch material is the product sold under the 
designation A-240 pitch by Ashland Oil Company. Others are also available. 

The separation of asphaltenes from the oils will preferably be effected 

10 employing a solvent to petroleum pitch or petroleum pitch plus coal feedstock 

(depending upon which embodiment is employed) ratio of about 3:1 to 10:1. 

hi the preferred processing which avoids the need to form a mesophase 
pitch, the petroleum pitch is heated to a softening temperature which in the case of the 
Ashland Oil Company A-240 pitoh, is about 240''F. The piteh is then coked, preferably 

15 by placing it in an enclosed stirred reactor at atmospheric pressure and heated to about 

300''C to 500**C and preferably is heated to between about SSO^'C and 400°C while 
continuously sparging with nitrogen gas. Heating is effected for about 6 minutes to 24 
hours with tiie preferred time being about 5 to 7 hours. Low molecular weight volatiles ' 
evolve from the petroleum pitch and the pitch begins to cross-hnk and thicken. 

20 Depending upon the nature of the pitch, the reactivity to cross-linking may vary. 

The rheology of tiie pitch changes to a more Bingham-Uke fluid suitable 
for creating foams through the use of a suitable blowing agent. The piteh is then cooled 
to room temperature and, if desired, can be crushed into a powder form, preferably less 
than 30 inelsh. The processed petroleum pitoh can then be placed in a foaming reactor 

25 and made into foam in accordance with any of the methods disclosed herein in respect of 

the mediods employing coal pitch. 

The carbon foam may then be calcined at a tenq)erature substantially 
higher than the coking temperature. Calcining is preferably effected at a temperature of 
about 975 °C to the crystallization temperature and preferably about 975° to 1025 *'C. 

30 The carbon foam may then be graphitized, if desired, preferably at a temperature of at 

least 2600*^0 and preferably about 2600**C to 3200 **C. 
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In a refinement of this third embodiment, coal feedstock or pitch, which 
is preferably bituminous coal extract, may be mixed with petroleum pitch in order to 
modify the reactivity of the petroleum pitch toward cross-linking in the thermal 
treatment. The coal employed to fonn the coal extract may be identical as that described 
5 in the other embodiments of the present invention. It is preferred that the amount of coal 

extract added to the petroleum pitch prior to the thermal processing of the petroleum 
pitch be about 10-50 weight percent and about 50 to 90 weight percent petroleum pitch 
in the total feedstock although larger percentages of coal extract up to about 5-95 percent 
can be employed, if desired. 
1 0 It will be appreciated that the present invention has provided a method of 

creating a unique, high-compressive strength, coal-derived carbon foam material, which 
may be graphitized, and also possesses a great number of desirable properties. An 
alternate ^roach employs petroleum feedstock or a combination of petroleum pitch 
and coal feedstock. 

15 All of fliis is accomplished by starting with bituminous coal or petroleum 

feedstock or a combination of both and employing either the hydrogenated anisotropic 
approach or the solvent approach without prior hydrogenation to produce an isotropic 
structure or a blend of the two materials to produce flie desired level of anisotropy. Tn 
addition, the void or bubble size and density of the carbon foam may be controlled by 

20 adjusting the volatile content of the coal-derived pitch precursor or asphaltene which is 

to be coked and/or adjusting the ballast pressure which is applied externally. This void 
or bulk size is controlled without requiring dependence on an external blowing/foaming 
agents. The solvent separation of step 10 of Figure 1 and step 30 of Figure 2 serve to 
remove inorganic species and/or also to select the proper fiction to make the desired 

25 foam. 

The process ofproducing a foam depends primarily on two features: (a) 
the presence of volatile material which, in the preferred practice of flie invOTtion, will be 
internally present and (b) the viscosity of the parent pitch may be altered by cross- 
linking whidi results fix)m devolatilization or ttie presence of an ©ctemally-added crdss- 
30 linking agent If desired, for example, a plastidzer may be employed to adjust the 

viscosity to flie desired value. At high viscosity, pitch flow is restricted and this resists 
the coalescence of bubbles produced by devolatilization. This results in a high-density 
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foam wifh small bubble Size. At lower viscosity^ bubbles can coalesce and a more op^ 
foam stracture witii larger bubbles is produced. The devolatilization is controlled by 
application of external pressure from a ballast tank, such as 16, 33 or 49. At high 
pressure, less movement of the bubbles takes place and, as a result, the foams are more 
5 dense. At low external pressure, the bubbles tend to coalesce and flow so a less-dense 

foam is produced. 

Whereas particular embodiments of the invention have been described 
herein for purposes of illustration, it will be evident to those skilled in the art that 
numerous variations of the details may be made without departing from the invention as 
10 set forth in flie upended claims. 
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We claim: 

1. A method of making a carbon foam material with anisotropic 
domains comprising 

creating a coke precursor by hydrogenating and de-ashing 

petroleum feedstock, 

dissolving said hydrogaiated petroleum feedstock having 

asphaltenes and oils in a solvent, 

separating said asphaltmes from said oils, and 

coking said asphaltenes by heating at a t^iperature of about 

300**C to 500**C for about 6 minutes to 24 hours to devolatilize and foam said 

asphaltenes and cooling said carbon foam. 

2. The method of claim 1 including 

gr^hitizing said carbon foam at a temperature of at least 



2600**C. 



3. The mefliod of claim 1 including 

after coking but prior to graphitizing, calcining said carbon foam. 

4. TTie method of claim 2 including 

effecting said hydrogenation at a temperature of about 325 °C to 



450X. 



5. The method of claim 3 including 

effecting said hydrogenation at a pressure of about 500 to 2500 

psig hydrogen cold 

6. The method of claim 5 including 

effecting said hydrogoiation for a tune of about 15 minutes to 1.5 

hours. 

7. The method of claim 2 including 

effecting said coking of said asphaltenes at a rate of about 0.5 
to l^'C per minute until the desired coking ten^erature has been reached 

8. The method of claim 1 including 

effecting said coking at pressure of about 50 to 1000 psig. 
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9. The method of claim 1 including 

effecting said coking for a time of about IS minutes to S hours. 

10. The method of claim 1 mcluding 

controlling the degree of anisotropy at least in part by mixing 
asphalteaes jfrom hydrogenated coal with asphaltenes from unhydrogenated coal prior to 
said coking. 

1 1 . The method of claim 1 0 including 

employing about 10 to 50 weight percent coal pitch and about 50 
to 90 weight percent petroleum pitch in ttie total feedstock. 

12. The method of claim 1 inchiding 

creating said carbon foam witfi voids of generally uniform size. 

13. The method of claim 12 including 

controlling said void size at least in part by controlling the 
volatile content of said asphaltenes prior to coking. 

1 4. The method of claim 12 including 

controlling said void size at least in part by controlling the 
pressure applied during the coking step. 

15. The method of claim 12 including 

said controlling of said void size contributing to the compressive 
straigth of said carbon foam. 

16. The method of claim 1 including 

prior to said hydrogenating and de-ashing, preheating said 
petroleum feedstock to about 300°C to 500° C to soften the same. 

17. The method of claim 2 including 

said gnphitized foam with anisotropic domains having a 
compressive strength of greater flian 600 Ib/in^. 

1 8. The method of claim 12 including 

producing an open-celled carbon foam material by said method 

19. The method of claim 1 including 

after said hydrogenation but prior to said coking removing 
inorganic impurities from said asphaltenes by said sq>aration. 

20. The method of claim 10 including 
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mesh. 



3200°C. 



g/cc. 



employing as said coal, coal having a size of about -60 to -200 

2 1 . The method of claim 2 including 

effecting said graphitizing at a temperature of about 2600°C to 

22. The method of claim 21 including 

effecting said calcining at about 975 ^'C to 1025 °C. 

23 . The method of claim 20 including 

creating said grs^hitized foams with a density of about 0.2 to 2 



24. The method ofclaim 9 including 

effecting said mixing of said asphaltenes in a solvent, 
evirating said solvents, and 
subsequently effecting said coking. 

25. The method of claim 1 7 including 

impregnating said open-celled carbon foam material with pitch. 

26. The method of claim 23 including 

graphitizing said pitch impregnating said carbon foam. 

27. The method of claim 2 including 

prior to said separating said asphaltenes from said oils removii^ 
inorganic matter from said solvent. 

28. The method of claim 27 including 
employing tetrahydrofuran as said solvent 

29. The method ofclaim 28 including 

effecting said separation of said asphaltenes from said oils by 

employing toluene. 

30. The method of claim 1 including 

evolving low molecular weight volatiles from said petroleum 
stock and effecting cross-linking of said petroleum stock during said coking stage, 
about room temperature. 

3 1 . The method of claim 16 including 
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evolving low molecular weight volatiles from said petroleum 
stock and effecting cross-linking of said petroleum stock during said preheating stage, 

32. The method of claim 1 6 including 

eflfecting said preheating from about 0. 1 to 24 hours. 

33. The method of claim 1 6 including 

subsequent to said preheating, cooling said petroleum pitch to 
about room temperature. 

34. The method of claim 33 including 

subsequoit to said cooling converting said petroleum pitch to a 

powder. 

35. The method of claim 1 including 

prior to said hydrogenating and de-ashing admixing said 
petroleum feedstock with bituminous coal feedstock. 

36. The method of claim 35 including 

effecting said mixture of said bituminous coal feedstock and said 
petroleum feedstock with said coal feedstock being about 10-50 percent by weight and 
the petroleum feedstock being about 50 to 90 percent by weight of the total feedstock. 

37. A method of making an isotropic carbon foam material 

comprising 

creating a coke precursor by admixing petroleum feedstock and 

coal feedstock, 

dissolving said adnodxed feedstock having asphaltenes and oils in 

a solvent, 

separating said asphaltenes from said oils, and 

cokmg said asphaltenes by heating at a temperature of about 

300*'C to 500**C for about 6 minutes to 24 hours to devolatilize and foam said 

asphaltenes and cooling said carbon foam. 

38. The method ofclaim 37 including 

gr^hitizmg said carbon foam at a temperature of at least 

2600°C. 

39. The mediod of claim 38 including 

after coking but prior to graphitizing, calcining said caibon foam. 
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40. The method of claim 38 including 

employing about 10 to 50 weight percent of said coal feedstock 
and about 90 to 50 weight percent of said petroleum JFeedstoclc 

41 . The method of claim 40 including 

effecting said solvent separation in an inert gas environment. 

42. The method of claim 38 mcluding 

subsequent to said preheating, cooling said petroleum pitch to 
about room temperature. 

43. The method of claim 41 including 

effecting said solvent separation without prior hydiogenation of 

said bituminous coal. 

44. The method of claim 39 including 

effecting said coking at pressure of about 50 to 1000 psig. 

45. The method of claim 39 mcluding 

effecting said coking for a time of about 15 minutes to 5 hours. 

46. The method of claim 45 including 

creating a carbon foam having voids of generally uniform size. 

47. The method of claim 45 including 

controlling said void size at least in part by controlling the 
volatile content of said asphaltenes prior to coking. 

48. The method of claim 47 mcluding 

controlling the carbon void size at least in part by controlling the 
pressure applied during the coking step. 

49. The method of claim 40 including 

creating said isotropic gr^hitized carbon foam to have a 
compressive strength of greater than 600 Ib/in^. 

50. The method of claim 37 including 

producing an open-celled carbon foam material by said method. 

5 1 . The method of claim 39 including 

effecting r^oval of inorganic impurities by said separation. 

52. The method of claim 33 including 
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prior to said separating of said asphaltenes £rom said oils 
removing inorganic matter from said solvent. 

53 . The method of claim 52 including 
employing tetrahydrofuran as said solvent 

54. The method of claim 50 including 

effecting said separation of said asphaltenes from said oils by 

employing toluene. 

55. The method of claim 54 including 

eflfectmg said calcining at about 975 ""C to 1025 ''C. 

56. The method of claim 37 including 

evolving low molecular weigiht volaliles from said feedstock and 
effecting cross-linking of said petroleum stock during said coking. 

57. The method of claim 56 including 

effecting said cooling of said caibon foam to about room 

temperature. 

58. The method of claim 57 including 

subsequent to said cooling converting said petroleum pitch to a 

powder. 

59. The method ofclaim 37 including 
employing bituminous coal as said coal feedstock. 

60. A petroleum feedstock derived carbon foam comprising 

a body portion having a plurality of voids of generally unifoim 
size therein and said body having anisotropy domains. 

61. The carbon foam material ofclaim 60 including 
said carbon foam being graphitized caibon foam. 

62. The caibon foam material of claim 61 including 

said gr^hitized carbon foam having a compressive strength 
greater tiian about 600 Ib/in^. 

63. Tlie carbon foam material of claim 60 including 

said carbon foam material has at least a mq'or portion of voids in 
communication with the exterior thereof filled with a pitdi material. 
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64. The caibon foam material of claim 63 wherein said pitch niaterial 
contained wittiin said voids is gr^bitized. 
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